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ABSTRACT
Aerospace and defense during the next few years will
be dominated by the active matrix liquid crystal
display, which became the preferred avionics
displays technology in 1992.  The trend just begun to
replace electromechanical and cathode ray tube
technologies with newer flat panel displays will
accelerate in the 2000-2010 period as the commercial
market continues its move towards digital flat
television.  Beyond 2010 high definition displays will
begin to have a significant impact on fielded air
fleets, with ultrahigh definition and even true three-D
displays beyond 2020.  By 2050 fully immersive
cockpits may be anticipated for air  and space
vehicles and their simulators.

INTRODUCTION
Acquisition reform requires aerospace defense
applications in the early 21st century to rely on the
commercial marketplace insofar as possible.  There
are three simultaneous conditions on acquisition
reform, all of which are well exemplified by the
component technology of displays:  (1) integrated
display subsystems delivered and bolted into fielded
aerospace defense vehicles must work under the full
range of documented operational and storage
conditions (transport, combat, missions other than
war);  (2) replacement displays must cost less than
those currently in fielded systems to own and
operate; and (3) new display capabilities must drive a
revolution in aerospace or military affairs.   These
conditions comprise the principle of acquisition
reformÑaffordability, expressed as minimal cost per
mission metric: $/air-tonnage-mile, $/target,
$/passenger-mile.  Display acquisiton is of strong
current concern in both the Congress and DoD.1

The principal of Òperformance specificationÓ is
central to the new acquisition paradigm.  A

performance specification (a) evolves over years
through several levels of knowledge (research,
manufacturing, fielded) as a display technology
variant matures, (b) comprises parameters both
generic (life cycle cost, efficacy, visual thrust) and
specific (maximum luminance, color coordinates,
viewability angles), and (c) varies substantially
among classes of application (combat, C4I, support,
office).  The contrast between the visual thrust
provided by fielded electronic displays to aerospace
crews and warfighters at the end of the 20th century
(1 megapixel) and the ideal capacity of the human
visual system (1 gigapixel)Ñboth with 8 bit or higher
greyscale per color and full motion video with 60 Hz
or higher frame rateÑis central to the opportunity of
displays to contribute to revolutions in aerospace
military affairs.  These principles are introduced,
discussed and illustrated with roadmaps for aerospace
defense displays to acquaint the civil commercial
industry with the needs and opportunities in 21st

century aerospace defense applications.

PERFORMANCE SPECIFICATIONS
P er fo rm ance s pecificatio n s pr ov ide g u id an ce to 
ind us tr y  f or  need ed  pr od u cts witho ut dictating  d etailed 
d es ig ns  of  th os e pr o du cts .  Such  s pecif ication s m us t
emanate fr om  go vern m en t b ut m us t als o  b e dev elop ed
in co ncert w ith  ind u stry .  Th e p ro blem of  es tablish in g
p er fo rm ance s pecificatio n s may b e viewed as  a tim e- 
d ep en den t matrix of  Ph yla and  Levels .2

Each ÔP h ylaÕ  repr es ents a g ro up ing  o f  s im ilar
app licatio ns .  Th e P hy la fo r dis play s  s ho uld  d if f er  b ut
little f ro m tho se f o r oth er  electr on ics  tech no lo g ies.
The initial P hy la s et mig ht b e lim ited to  f o ur :  Co mb at,
C4I , Su p po rt, and  Co mm er cial.  The Co mb at P h yla
inclu des  s ys tem s th at sh o ot and  get s ho t at.  Th e C4I 
P hy la in clud es sy stems  th at d o n ot s h oo t bu t w ill g et
s ho t at becau se they  d ir ect s ho o ters .  Th e S up po r t
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P hy la in clud es ap plicatio ns  r em o ved f ro m th e b attle
zon e bu t n ecess ar y to fo r  com bat; su ch sy stems 
inclu de lo gis tics  ch ains  an d may  g et sh ot at, es p ecially 
w hen th ey ar r iv e in  a battle ar ea to  disp en s e men  and 
equ ip men t.

Each ÔLevelÕ represents the status of knowledge as a
function of time.  The initial Level set might be
limited to six:  laboratory research, laboratory
prototype, pre-production prototype, production,
product introduction, technology status (market
acceptance of products in fielded aerospace/defense
systems).  During product introduction the market
may barf and the want-to-be technology fails; an
example was recent consumer rejection of head-
mounted virtual reality displays.  A display
technology is established by market success in
relatively simple applications (small sizes, low
information content), then progresses to ever more
complex applications (medium to large sizes, high
information content).  The time dependency of
technology evolution through the aforementioned six
levels of knowledge is illustrated in below.

P er fo rm ance s pecificatio n s ar e d ef in ed as  a vecto r of 
tim e dep en den t param eter s  and  w eig hts .  The
w eigh tin g fu n ctio n f or  each  p ar ameter  is def in ed  fo r
each ap p licatio n Ph y la, Lev el, and  y ear .  A field ed 
com bat cockp it in  a fixed  w in g f ig hter aircr af t in 19 99 
w ou ld  h ave p arameter  v alu es  ass ign ed  based o n
m easu red  f ield perf o rm an ce fo r the p ilo t.  An id eal
p er fo rm ance s pecificatio n  can  b e d ef ined bas ed  o n  ( 1) 
the extr ap olation  th at cu rr en t lim its  o f hu m an 
k no wled g e of  ho w to  dig ato ms  o u t of  th e gr o un d and 
p ro du ce disp lay s mig ht o n e day b e rem ov ed  an d (2 ) 
the ass u mp tio n th at cu rr ent u nd ers tan ding  o f  the
h um an  v isu al sy stem  is  p erf ect.  Thu s , fo r the s u nlig ht
r eadability asp ect o f an  id ea aero sp ace cock pit d is play 
o ne w ou ld wan t ov er  3,40 0  n t (1 0 00  f L) an d 1 00 :1 
lum in an ce co n tr as t r atio  (CR) , com par ed  to f ield ed
avion ic CRTs  at abo u t 10 0  f L an d  1 .6 :1 CR, o r field ed 
avion ic AMLCD s at ab ou t 2 00  f L and  1 0 :1  CR.

O pp or tu n ities  to red uce the g ap s  b etw een field ed  an d
ideal p erf or m an ce s p ecif ication s  p ro v id es  ju stif ication 
f or  inv estmen t flow s  ( civ il and  militar y)  to  s up p or t th e
d is play  tech n olog y r ev olu tion s and  ev olutio n s dep icted
in th e ÒLevel o f Kn o wled g e vs . Tim eÓ figu re ab ov e.
D oD  p ro g rams  co ntin u ally  review  op po r tu nities fo r 
everm or e amb itiou s, need ed disp lay  ap plication s and 
p lan with th is co mm ercial p ro du ct dy n am ic in  m in d .

The n um b er  o f  p ar am eters  in  a p erf or m an ce
s pecificatio n  m ig ht be s everal d ozen .  Alter nativ ely,
o ne m ig h t pick a few  g en eric ag g regate param eter s 
that des cr ib e the p erf or m an ce in  m or e g en er al ter ms ,
inclu din g so m e un der stan d ab le to  n on - tech nical
d ecis io n  m ak ers  and  to  n o n- disp lay  tech no lo g is ts  (e.g .
to Co ng r es s and  O SD ) .  Th ree ar e s ug g es ted:  lif e
cycle co st ( $ LCC, life=1 0  y rs  o p er ation ),3 ef ficacy
( lm /W ), an d v is ual inf or m atio n thr us t ( see b elow ) .

V IS UA L I NFOR M ATIO N THR US T
Techn olo gy  ch alleng es fo r  d is plays  r equ ir e an
agg regate metric relev an t to th e r ich ness  o f  v is u al
inf or matio n d ep ar tin g th e s cr een  to the u ser .  ÒV is ual
I nf or matio n Thr us t,Ó d ef ined an d  exem plif ied  in
b elow , is her eb y in tro du ced  and  us ed  to  catego rize
aer os pace an d  d ef en s e dis play  p erf or m an ce g o als.
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R OA DM APS 
A eros pa ce Sy s tems Ñ2 0  Y ea r V iew. Aircraf t an d 
o th er  m ilitar y disp lay s are d ev elo ped  accor d in g to
w eapo n s ys tem  n eeds .  A r oadm ap  may b e us ed  to 
r elate D oD  S & T in ves tm en ts to  s y stem s .   Th e
r oadm ap  fo r aer os pace veh icles to 20 2 0 is  illu str ated  in 
b elow .  Th e S &T p ro g ram is un der taken  to su p po rt
existin g  f leets  as w ell as revo lutio n ar y new  w eap on 
s ys tems .4  The center  piece o f th e D oD  S & T dis play 
inv es tm ent s trategy  is  th e DA RP A  H ig h  D ef in ition 
S ys tems  pr og r am .  Related  p ro gr ams  tr an slate the
techn olo gy  to  m an uf actur ing .  Su ch  m anu factu ring 
techn olo gy  ef fo rts the p ast s ix  year s  h av e inclu d ed  two 
f or  A MLCD (O I S, d piX ), th ree fo r  F ED  (Ray th eon ,
Can descent, Micro n) , and  tw o in  EL ( P lanar) .  No n -
r ecur rin g en g in eerin g (N RE)  inv estmen ts  b y s er vice
acq uisitio n o rg an ization s  integ r ate the n ew  disp lay 
techn olo gy  in to  air craft.  Ex am p les o f th e aff or d ab le
m ainten ance o f an  o p er ation al s tatus  fo r ag ing  aircraft
w ith flat pan el d is p lays  an d oth er  n ew disp lay 
techn olo gies  in clud e C-1 4 1, A H- 6 4D , H -4 6, H - 1, P - 3,
U -2 ,T-3 8 ,T-4 5 , F- 16 , C-1 7 , Sp ace S hu ttle & A WA CS .
Examp les  o f n ew  air craft in clud e the F- 22 A Rap to r ,
RAH -6 6 Com an che, Jo int P r im ar y A ir cr aft Trainer
S ys tem ( JP ATS ), F /A - 18 E/F  S up er  Ho rn et & AA A V.
Every  f leet is co nv ertin g  to new , flat panel d is p lays :
o ld er  tech no log ies u sed f or  avio nics  disp lay s no t o nly
h av e les s cap ab ility  to p ro vide aircr ew  w ith  n eed ed  in- 
f ligh t inf or m atio n, th ey  ar e in creas ing ly  n o t av ailab le
at an y p rice.  Th e v an is h in g ven do r s yn dr om e ( VV S )
f or  avio nics - gr ad e electr om echan ical an d catho de ray
tub e techn olo gies  h as fo r ced acq uisitio n or g an ization s
o ne b y o ne, s ys tem b y sy s tem, to  r e- p rior itize av ailable
f un ding  to  d isp lay N RE r e-d es ig n  and  re-p ro cur em ent
eff or ts  to  m ain tain  disp atch rates  an d read iness .

A eros pa ce & D ef en se Sy st ems Ñ5  Y ear V iew .
D is play  scien ce and  tech n olog y h as  r eceiv ed 
s ig nifican t f un ding  fr om  Do D du r in g the p as t d ecade,
w ith so m e $1 .3B h av ing  b een  inv ested  via a
Con gr es s io nally -d ir ected  five y ear  H igh  D ef initio n

 Sy stem s  ( HD S ) pr og r am  f r om  F Y1 9 89 -1 9 93  and  via
the N ation al Flat P anel D is play  In itiativ e ( NF PD I )
f ro m FY 1 99 4- 2 00 1.  The term  ÒHD S Ó has  con tin ued
in co mm o n us e to des cr ib e the D A RP A inv es tm ents
even th o ug h a v ar iety of  so me 1 0  s ep arate, f ocus ed
p ro gr am s  h av e m ad e u p th e $ 1.3B, includ in g s up po r t
f or  the Un ited States Dis play s Con so r tium  ( U SD C) 
and  P ho s ph or  Tech no log y Cen ter o f Ex cellence
( PTCO E) . Thes e disp lay  S & T in ves tm en t p ro gr ams 
are, an d  s ho u ld  con tin ue as , DA RPA -led with  su pp o rt
f ro m all s er v ices .  Ad ditio nal s um s h av e been in v es ted
v ia the Do C N IS T Ad v an ced  Techn o lo gy  Pr og ram 
( ATP)  an d oth er , sp ecial pr og ram s placed by  Co ng r es s
in serv ice b u dg ets.  The cu rr en t emp h as es  in  the HD S
p ro gr am  ar e f lexible d is p lays , r ug ged ized  co mm er cial,
p us hing  matu r in g techn olo gies  to  d em o ns tr ation  p h as e,
and  f ocu sed d em on str atio n /evalu ation s .

A n ex am p le d etailed  ro ad m ap  to 2 00 5 is illu s tr ated
b elow .  Th e lon g bar s in  th e 20 2 0 ro adm ap  n o w beg in 
to sh ow  th e d etail o f sy s tem miles to n es  w hich pr o vide
a con tin ual s er ies o f tr ans itio n  o pp o rtun ities  f o r
d is play s .  Plan ned D oD  S & T in ves tm en ts to  o v er co m e
techn olo gy  b arr iers  to  s y stem  ap plication s are s h ow n
as fu nd ed lin es  lab eled ÒFÓ.  Th es e s um s ar e in the
P residen ts  Bu dg et f o r FY 2 00 0.  The am ou nt s h ow n f or 
the cur r en t f is cal y ear,  FY1 99 9 , is  ab ou t $ 60 M.  The
total D o D dis play  in vestm en t in  th e F Y1 99 9 N atio n al
D ef en se Act is gr eater : abo ut $ 1 11 M.  The d iff er ence
r ep resen ts  p r og rams  placed by  Co ng res s in  acco un ts
con nected mo s tly to  sy stems  o ff ices.  Great tech n olog y
b ar rier s  r em ain  ( see p rev io us  an d su cceed in g  s ectio ns ).
Thr ee ex am ple areas  th at migh t b e selected f or 
emp hasis  d ur ing  the next five y ear s are lab eled
u nf un ded , ÒU F Ó, b elo w:  (1)  u ltr a- hig h reso lutio n 
v is ualizatio n  techn o lo gy ; ( 2)  tr ue-3 D ; (3 ) m in iatur e
activ e m atrix  o rg an ic lig ht emitting  diod e.

AGING A/C  C-130,AH-64,AH-1W,F-16,B-52,P-3,T-45,T-38,B-2,C-17

ROADMAP
S&T STRATEGY -- Air & Space Craft Displays

C4I:  Joint STARS,ABCCC,E-2C,U-2,ABL,CHS,CIC,SH-60,RC-135, etc.

FY90         FY95 FY00         FY05       FY10       FY15      FY20

F-22  EMD F-22  MANUFACTURE

JSF  DEM / VAL JSF  EMD JSF PRODUCTION 

PCCADS  $1.73M

SERVICE R&D DARPA (HDS,TRP/JDUPO) $ 1.1B DARPA, SERVICE R&D TBD

DPA TITLE III  $ 30M

CLADS $14M

COMPLETE COCKPIT RETROFITS

ATF  DEM / VAL

MFG. TECHNOL.   $ 200M

RAH-66  DEM / VAL, EMD RAH-66 MANUFACTURE

 F / A - 18 E / F   MFGF-18EF EMD Uninhabited Air Veh.

AWACS $22M
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AIRBORNE LASER  HIGH DEFINITION SIMULATORS

DoD Investment Area:  Visual Electronic Display Components
Joint Warfighter Capability Objectives: Information Superiority, Precision Force, etc.

Technology Challenge:  Display Devices to Close 1000X Gap (Fielded versus Human Vision Capability)

Technology Transition FY98 FY99 FY00 FY01 FY02 FY03 FY04 FY05

- Combat Vehicles (point of spear)

- C4I, Logistics (aiming, xptn of spear)

- HMD Programs

- ATD - RPA, Space

- 6.3 Programs:  HMD

Technology Barriers Investment Plan ($K)

High Definition Systems Pgm 45000 40000 32000 32000 DARPA Program-may continue

Funded:  Accelerate Flexible Rugged Displays, Push Maturing Technologies to Demo. Phase, Demonstrate/Evaluate HDS Developed Technology

HMD Devices     Land Warrior, Comanche 12-mm AMEL, impvd AMEL, 25-mm AMLCD, AMOLED technology base

Funded: UXGA (12-mm AMEL), Low Pwr+AAN 2100 2200 5100 4400
Funded: UXGA (25-mm AMLCD, VRD) (RAH-66) 5000 6860 300
Funded: UXGA (12-mm AMOLED, 8000 fL) 3000 10100 5300 5500 5300 5400 5600 5700
Unfunded:  12-mm AMOLED (outyears) 5000 5000 5000 5000 5000 5000
Funded:  HMD miniature FPD 875 875 875 850 450

20-200 Mpixel Concepts 300 750 250

20-200 Mpixel Technology Base 25000 25000 25000 25000 25000

True 3D Concepts 200 376 0

True 3D Technology Base 10000 10000 10000 10000 10000 10000

Total Planned Funds (F) 54375 58961 38725 38350 5750 5400 5600 5700

 Unfunded Investment Opportunities (UF) 0 0 15000 40000 40000 40000 40000 40000
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TEC HN OLO GY  C H ALLENG ES
G ra nd  C h allen ge.  The g ran d ch allen ge to  all disp lay 
techn olo gies  in  all ap plication s  is to clos e the 10 00 X
g ap  b etw een the cap acity  of  the hu man  v is ual s ys tem 
and  cur r en tly  available p ro du cts  in every day  u se.
S im ple 2 0- 20  vision  is  o v er  1 00 X  the reso lu tio n o f
cur rent tech n olog y.  In w id e in ten sity rang e s itu atio ns 
( su nlig h t, in fr ar ed  im ag ery , stars  ag ains t d ar k s ky )
o bjects  as  s m all as  25  ar cs econ d s can  b e eas ily
r es olved  b y m os t per so ns .  A per so n can  loo k  aro u nd 
in 4π  ster ad ian s w ith no  scen e g en er ation  latency .  An 
ideal electr o nic dis play  wo uld, th us , g en er ate s o me 1 09 

p ix els at 24  bits  p er pix el and  fu ll mo tion  video  ( 60 Hz
o r mo re) , a v is ual inf or m atio n thr us t o f 1.6  Tb/s .
P resent co mm ercial and  m ilitary  field ed  d is p lay are
u su ally  less  th an  H D TV , a v is ual inf o rm atio n  thr u st o f
Òju stÓ 3 .0  G b /s .  A ty pical cur r en t f ield ed  ap plication  is 
color  V G A, a visu al in fo r mation  th ru s t of  ju st 0 .4
G b/s.  The capacity  of  th e hu man  v is u al s ys tem  is 
abo ut 4 0 00 X that pr o vided  b y stand ar d  N TS C TV, o r 
1 60 00 X that o f RS -1 7 0 mo n o FLIR. A n add itio n al
g rand  ch allen ge is to pr o vide tr ue 3 - D disp lay  w ith 
m ulti-p ers pective lo ok -ar ou nd  w ith ou t h eadw ear .

M ilit ary  A ero sp ace D is pla y Ch allen geÑSu rf in g 
The aer o sp ace/d ef en s e dis play  ch allen ge is to lev er ag e
the com m er cial mark et to  th e max im um  ex tent
p os sible.   S ur fing  is  an  apt an alog y , with  th e
com mercial m ark et r epr es ented  b y  w av es of 
techn olo gies  an d pr o du cts  ( high  en er g y & fu n ding 
lev els)  an d aer os pace/def en se as  the su rf er  ap ply in g
r elativ e s mall am ou n ts  o f  energ y  ( fu n ding ) to rid e to 
s ho re ( ach iev e a lo w  v olu me alb eit to ug h per fo rm ance
p ar am eter ap p licatio n) .  An  o ver all g oal is  to  r ely  o n
com mercial d isp lay techn o lo gies  of  th e fu tu r e rather
than th e p as t to sig nifican tly r ed uce lif e cycle co sts.

D oD  s cience and  tech no lo g y (S &T)  o rg anizatio ns 
r ecog nize a r es po ns ibility to  th e war figh ter , th e
m aintain er , and  the taxp ayer.  Bring ing  m ilitary  FP Ds 
into th e D oD  in vento ry  s erv es  th e war figh ter  b y
p ro vidin g a m or e mis sion - capable p iece of  eq uipm ent
to redu ce wo r kloads  wh ile imp ro v in g s ituatio nal
awarenes s an d  com bat k ills.  Th e d ep o t wo rk load  is 
r ed uced  alon g  w ith the n eed  f or  sp ar es du e m ean tim e
b etween  failu re ( MTBF)  r ates fo r  F PD  so me 3 0 -1 00 
tim es  lo wer than th e o ut- go in g techn o lo gies , thu s 
add ress ing  th e vanis hing  vend or  sy nd r om e (V V S)  f o r
cur rent militar y EM an d CRT d is p lays .  Th e tax pay er 
is serv ed by  decr eas in g D oD  lif e cycle co st
exp en ditur es , even u ltim ately  r edu cin g th e p ro jected
n um ber o f per so ns , p latf o rm s, an d co m bat veh icle
s izes  n ecess ary  to ach iev e av ailab ility  and  so rtie rates 
s uf ficient to  p ro vid e th e d ef en s e cap ab ilities  r equ ir ed 
b y natio nal m ilitar y  o bjectiv es .

A eros pa ce Dis play  C h allen ge. Aero sp ace an d
d ef en se ap plication s  g ro w  d aily  an d n ow  includ e
g en er al an d cor po rate av iatio n as well as  m ilitar y,
com mercial an d sp ace craf t co ck p its and  cab ins .  Ev en 
s o, A MLCDs  h ave b een  in aer os pace ap p licatio ns  o n ly 
abo ut 1 0  y ear s since the in tr od u ctio n  o f th e Tos h ib a
2 .5  x  2 .5 in ch sq uar e 3A TI fo r TCA S collisio n
avo id an ce an d  h av e n ow  g r ow n to  th e 7 .8  x  7 .8 in ch in 
the F -2 2  Rap tor  cock pit and  the 16  in ch  in aer os p ace
cab in  cr ew station s.  It is no w tim e to mo ve th es e lar ger 
d is play s  to the cock pit and  to p repar e fo r p an or amic
cockp its  and  ultr ah igh  r eso lu tio n sim ulator s .  Go als
inclu de th e cap ab ility  to  p ut p ixels  on  the head ,
v eh icle/co ns o le, or  wall  accor d in g to th e f ollo w in g
tim ef ram e (f u ll colo r & v id eo  in  all cases) :  4- 6 M,
1 0M, an d  3 5- 2 10 M by  20 00 , 2 00 5, an d 2 01 0,
r es pectively .  Th e chart belo w s um mar izes  th is 
aer os pace def en se d isp lay  techn o lo gy  vision .
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